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Abstract 
The increasing interest and society demand on the use of natural, biodegradable and 
renewable resources has increased in the last few years. In addition, food producers and 
consumers have improved their requirements in the quality of processed food, particularly in 
the field of increasing shelf-life while preserving organoleptic and nutritional properties. 
Active packaging technologies have greatly developed in the last decade by trying to satisfy 
the need of long-life processed food by addition of antioxidant/antimicrobial components to 
the packaging material. These components are intended to be released in a controlled way to 
food. These raising trends have been reflected in the field of food packaging by the use of 
chemicals extracted and obtained from plants in active packaging formulations. Herbs and 
spices have shown great potential to be used as renewable, biodegradable and valuable 
sources of chemicals, such as polyphenols, with high antioxidant/antimicrobial performance. 
This review aims to present the last published work in this area. 
 
1. Introduction 
It is well known that antioxidants are present in many plants as a way of defense to oxidative 
degradation coming for the environment. These bio-based and natural antioxidants have 
improved their use in food-related applications by their positive contributions to human 
health. Many plants have been considered potential antioxidants sources and some of them 
have been studied in recent years. In this context, numerous herbs and spices are the most 
important and studied targets in the search for natural antioxidants1. The terms `herbs´ and 
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`spices´ have more than one definition in common language, but the most commonly used are 
those to consider herbs as obtained from the green parts of plants, such as stem and leaves, 
while spices are usually obtained from the bark, roots, seeds or flowers. Most of the common 
spices are usually extracted from plants grown in warm or tropical climates while herbal 
plants can be grown in nearly all conditions and geographical areas around the world. In 
addition, spices have more intense taste and are used in small amounts2. Based on data 
reported by the Food and Agriculture Organization of the United Nations (FAO), the 
worldwide spices production has increased significantly in the last years3 whereas the global 
production of herbs has not been reported in the literature. 
Since ancient times, herbs and spices have been extensively used to enhance or improve the 
flavour of food and by their preservative properties4. Several popular herbs and spices are 
known to have beneficial effects for human health, including digestive stimulant, anti-
inflammatory, antimicrobial, antioxidant and anti-carcinogenic activities, which are mostly 
attributed to polyphenols present in their chemical composition. Moreover, other volatile 
constituents in herbs and spices (particularly essential oils) can also contribute to the plant’s 
biological activity, resulting in benefits for human health. In general terms, essential oils are 
chemically constituted by more than 70 different compounds, mostly polyphenols, terpenes, 
monoterpenes and sesquiterpenes, some of them representing more than 85 % of the total oil 
content5. Essential oils and their components are gaining attention by their wide acceptance 
by consumers and the possibility of exploitation for potential multi-purpose functional uses. 
Phytochemicals extracted from various herbs and spices, including polyphenols, flavonoids, 
flavonols, tannins, and terpenoids, could help to minimise tumour development by inhibiting 
the initiation and promotion of carcinogenesis, inducing tumour cell differentiation and 
apoptosis, while suppressing tumour angiogenesis. They are also able to prevent and reverse 
many of the processes that underlie chronic diseases. These phytochemicals can be broadly 
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classified as carotenoids, phenolics, alkaloids, nitrogen-containing compounds, and 
organosulfur compounds6. Some studies have been recently reported to state the presence and 
activity of antioxidants in herbs, to determine their total phenolic contents and to relate the 
total antioxidant and antimicrobial activities of methanolic extracts, infusions and decoctions 
of several plants; such as peppermint, thyme, lemon balm, basil, rosemary and sage6-7. 
On the other hand, antioxidants present in spices have gained importance by their role in the 
prevention of atherogenesis. Although spices have been recognized by their beneficial health 
effects and have been used in traditional medicine since ancient times, their attributes in 
health protection have been experimentally verified only in the last three decades. In this 
sense, the antioxidant effects of turmeric/curcumin, clove/eugenol, onion, garlic, 
ginger/gingerol, red pepper/capsaicin, black pepper/piperine and fenugreek, have been 
recently reviewed8. 
Beneficial effects of chemicals obtained from herbs and spices can be used not only directly 
into food but also in packaging materials to increase food shelf-life and quality. In recent 
years, the increase in consumer’s demand for minimally processed foods, the change in retail 
and distribution practices associated with global markets, new product logistics and 
distribution trends (such as on-line shopping), automatic handling systems and strict 
requirements regarding consumer’s health and safety have been the major driving force for 
innovation in food packaging technologies9. In this context, packaging of fat food is a 
particular issue, since lipid oxidation after microbial growth is the main cause of food 
spoilage10. In particular, food with high content in poly-unsaturated fatty acids is more prone 
to oxidative deterioration resulting in the development of off-flavours, such as toxic 
aldehydes, and rendering products unacceptable for human consumption by their loss in 
nutritional quality11. The use of active packaging systems with antioxidant activity is a 
promising approach to improve food quality by the incorporation of antioxidant agents to the 
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packaging material improving the stability of oxidation-sensitive food. However, the use of 
synthetic antioxidants in these active systems is questioned due to potential toxicological 
risks, resulting in requirements for strict controls. The alternative based on the use of natural 
antioxidants, particularly polyphenols, extracted from plants and essential oils from herbs and 
spices12 and from agricultural by-products13 is one of the current trending topics in food 
packaging research. In this sense, natural extracts have been incorporated into plastic 
packaging materials in order to achieve antioxidant properties. For instance, Li et al.14 
developed active gelatin films containing natural antioxidants extracted from different sources 
(green tea, grape seed polyphenols, grape seed proanthocyanidins, ginger and gingko leaf) for 
food packaging applications, showing different effects on the food packaged depending on the 
incorporated extract. Among them, the gingko leaf extract induced the highest radical-
scavenging activity whereas the green tea extract resulted in increased protection against 
moisture. Quince seed mucilage films containing oregano essential oils were prepared and 
their antioxidant properties were evaluated by Jouki et al.15. These films exhibited high level 
of radical-scavenging activity (45, 57 and 61 % for 1, 1.5 and 2 wt% of essential oils, 
respectively). In an interesting work recently reported by Castro et al.16, good feasibility of 
catechins and quercetin released from green tea natural extracts incorporated into 
polypropylene films was observed. 
Several different methods have been proposed to determine the antioxidant performance of 
active packaging systems. Some of them are based on measuring the degree of lipid oxidation 
of food in direct contact with packaging materials. Several parameters, such as peroxide 
index, conjugated dienes, conjugated triene hydroperoxides, free fatty acids, thiobarbituric 
acid index and p-anisidine value (AV) can be determined to assess lipid hydrolysis and 
primary and secondary lipid oxidation in fat food. In addition, the antioxidant activity 
provided by films for food packaging can be evaluated by measuring the radical scavenging 
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ability in food simulants. Several procedures have been proposed, most of them based on 
producing and determining oxidative free-radicals, to evaluate the antioxidant properties of 
additives used in packaging materials. This is the case of oxygen radical absorbance 
capacities (ORAC), ferric reducing antioxidant power (FRAP), ABTS and DPPH tests17. 
Some studies have been published on the antimicrobial performance of essential oils extracted 
from plants against food-borne pathogens. Since essential oils are rich in volatile terpenoids 
and phenolics, they show high potential to inhibit a wide spectrum of microorganisms. The 
active components of plant essential oils are able to inhibit microorganisms’ proliferation 
through disturbance of the cytoplasmic membrane, disrupting the proton motive force, 
electron flow, active transport and inhibition of protein synthesis18. 
Antimicrobial and/or antioxidant active packaging systems are getting attention from food 
and packaging industries due to the increasing consumer demands for minimally processed 
and preservative-free food products. Some plastic films allow the controlled release of 
additives onto food to cover the whole storage and distribution operations, while limiting 
undesirable effects in flavour and taste. A raising trend in the use of antimicrobial additives, 
such as those derived from essential oils, to minimise contamination in different kind of food, 
such as meat, fruits and vegetables, has been reported and will be discussed in this review 
article. For instance, Ramos et al. reported the development of antimicrobial active films 
based on polypropylene by incorporating thymol and carvacrol at three different 
concentrations (4, 6 and 8 wt%) demonstrating their potential to be used as active additives19. 
Pereira de Abreu et al.20 reported the potential use of films containing antioxidant extracts 
from barley husks for the commercialization of frozen cod fillets and the effect on lipid 
oxidation during prolonged frozen storage. This increasing interest in the use of natural 
extracts obtained from plants in active packaging technologies is the main reason of this 
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review, where the current situation in the potential use of herbs, spices and their bioactive 
compounds in antioxidant and antimicrobial active food packaging systems is discussed. 
 
2. Herbs 
The antioxidant/antimicrobial properties of herbs have been known since ancient times and 
they have been used in many applications, such as traditional medicine, food preservation and 
others. But the raising trend for the use of active packaging in processed food has resulted in 
new applications of herbs and/or extracted chemicals in food technology. It is known that 
antimicrobial/antioxidant agents can be incorporated directly into the active packaging 
systems (either as aqueous or ethanolic extracts). Some examples are summarized in Table 1. 
 
Table 1. Examples of the direct incorporation of herb extracts into polymer matrices. 
Herb extract Polymer Effect on food packaging References 
Ginseng LDPE, PVC Antimicrobial 22 
Alginate-based Antioxidant 41 
Rosemary LDPE Antioxidant 23 
LDPE Lipid oxidation 24-25 
PCL, methylcellulose Antimicrobial 42 
Murta Carboxymethylcellulose Antioxidant/ Antimicrobial 12, 43,44 
Green tea Fish skin gelatin Antioxidant 30 
Silver carp skin gelatin Antioxidant 31 
Multilayer PET/PE/EVOH/PE Antioxidant/Antimicrobial 45 
EVOH Antioxidant 46 
Fish skin gelatin Antioxidant 30 
Agar–fish gelatin Antioxidant 32 
EVOH Lipid oxidation 47 
Agar with glycerol Antimicrobial 33 
Chitosan Lipid oxidation 35,36 
Cassava starch with glycerol Antioxidant 48 
Gingko leaf Fish skin gelatin Antioxidant 30 
Mint Chitosan and polyvinyl alcohol  Antioxidant /Antimicrobial 21 
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Among them, green tea has been considered for years as a good source of polyphenolic 
compounds. Catechins (also known as flavanols), including epicatechin, epigallocatechin, 
epicatechin gallate, epigallocatechin gallate, catechin, gallocatechin gallate, catechin gallate, 
and gallocatechin, are the dominant phenolic compounds in tea leaves and most of them have 
been extracted from green tea leaves and other parts of the plant21. 
Some commodity polymers such as low density polyethylene (LDPE)22-26, poly(vinyl 
chloride) (PVC)22 and polypropylene (PP)27-29 have been tested as adequate matrices to host 
different herb extracts. But in recent years biopolymers based on starch, cellulose derivatives, 
chitosan/chitin, gums, proteins obtained from animal or plant-sources, and lipids have 
emerged as environmentally-friendly alternatives to synthetic polymers as carriers of herb 
extracts (Table 1). Biopolymers could be processed by wet methods using water and other 
solvents, avoiding the degradation and loss of volatile active compounds in the final material 
due to the severe thermo-mechanical conditions applied in conventional techniques for 
polymer processing (extrusion, injection, blow molding and heat pressing). These 
biomaterials show additional advantages, such as their biocompatibility, edibility, barrier to 
moisture and/or gases, non-toxicity, mechanical integrity and relatively low cost.12 Fish 
gelatin30-31,32,33-34 and chitosan35-36-40 have been widely used as biopolymer matrices by their 
own intrinsic antioxidant activity getting synergies with natural additives. 
Different methods have been proposed to evaluate the antioxidant effectiveness of active 
materials17 directly in food or food simulants. The antioxidant activity provided by polymer 
films can be evaluated by measuring the radical scavenging ability in food simulants, by using 
the DPPH (2,2-diphenyl-1-picrylhydrazyl) test41-23,30-31,46,47,36,21. Other similar tests were 
based on the ferric reducing antioxidant power (FRAP)32 and the antioxidant activity 
evaluated by complexation of 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS)44,46-32. 
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Other test methods are based on the measurement of the degree of lipid oxidation, particularly 
by the determination of the initial autoxidation products, i.e. hydroperoxides, which 
decompose to low molecular-weight compounds resulting in the development of rancid 
flavours and odours49. Frequently, both the primary and secondary oxidation products are 
monitored by the peroxide and TBAR indices22,23-24,47,48 in shelf-life assays directly applied to 
food. 
In a recent report, authors have not only incorporated aqueous extracts obtained from herbs to 
polymer matrices but also in the form of volatile essential oils (EOs), normally found in 
special cells or group of cells present in leaves and stems, and commonly concentrated in 
leaves, bark or fruits50. Some results in the use of EOs extracted from herbs are presented in 
Table 2. 
Oregano is one of the most studied plants by its high antioxidant and antimicrobial 
properties51,40. Oregano is a popular culinary herb with high content in EOs containing 
terpenoids, mainly the monoterpenoid phenols of thymol (5-methyl-2-[1-methylethyl] phenol) 
and carvacrol (5-isopropyl-2-methyl phenol)50. One important feature of the EOs obtained 
from oregano is their high antimicrobial activity, which is usually determined by the agar 
plate diffusion method, where the inhibition on solid media was used to determine the 
antimicrobial effects of active films against different bacteria26. Other studies have 
highlighted the antimicrobial activity of food EOs directly on food, such as meat or fish52,53. 
Oregano and other herbs have shown good antimicrobial performance depending on the type 
of food bacteria. For example, oregano EOs have been reported as effective against Gram-
positive bacteria, such as Staphylococcus aureus, Bacillus cereus, Streptococcus mutans, 
L.monocytogenes and Enterococcus faecalis; as well as against Gram-negative bacteria, such 
as Escherichia coli and Salmonella enterica subsp54,55. Results showed positive inhibition for 
EOs concentrations higher than 5 % (w/w) for all bacteria27,54,55-52. 
Page 8 of 27RSC Advances
R
S
C
A
dv
an
ce
s
A
cc
ep
te
d
M
an
us
cr
ip
t
Pu
bl
ish
ed
 o
n 
21
 A
pr
il 
20
15
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
id
ad
 d
e A
lic
an
te
 o
n 
27
/0
4/
20
15
 1
0:
50
:1
8.
 
View Article Online
DOI: 10.1039/C4RA17286H
Table 2. Examples of the incorporation of essential oils from herbs into polymer matrices. 
Essential oil Polymer Effect on food packaging References 
Zataria Multiflora Kappa-carrageenan (KC) Antimicrobial 56-57 
Soluble soybean 
polysaccharide 
Antioxidant/Antimicrobial 58 
Satureja hortensis KC Antioxidant/Antimicrobial 59 
Mentha pulegium KC Antioxidant/Antimicrobial 56 
Soluble soybean 
polysaccharide 
Antioxidant/Antimicrobial 58 
Oregano Ethylene vinyl alcohol 
copolymer 
Antioxidant/Antimicrobial 51 
PET Antimicrobial 27 
Mucilage Antioxidant/Antimicrobial 60 
Thermoplastic starch  with 
poly (butylene adipate-co-
terephthalate) 
Antioxidant/Antimicrobial 61 
Chitosan Antioxidant/Antimicrobial 54 
PP Antimicrobial 27 
Methylcellulose Antimicrobial 62 
PP Insect-repellent 28 
Polyvinyl alcohol (PVA) Antimicrobial 55 
PP/EVOH Antimicrobial 52-63 
Multilayer PET/PE/EVOH/PE Antioxidant/Antimicrobial 45 
Isolated soy protein Antioxidant 40 
PP Antifungal 29 
LDPE Antimicrobial 26 
PLA-CNC Antimicrobial 53 
Cellulose and protein isolate Antimicrobial 64 
Green tea Ethylene vinyl alcohol 
copolymer (EVOH) 
Antioxidant/Antimicrobial 51 
Rosemary PP Insect-repellent 28 
Cellulose acetate Antimicrobial 65 
Chitosan Antioxidant/Antimicrobial 37-38 
Sage Cellulose and protein isolate Antimicrobial 64 
Basil  Isolated fish skin gelatin Antimicrobial 34 
Citronella PP Insect-repellent 28 
Thyme Isolated soy protein Antioxidant 40 
Pectin Antimicrobial 66 
Chitosan Antimicrobial 39 
 
3. Spices 
Spices have been traditionally used as food additives to improve their organoleptic 
characteristics as well as to extend shelf-life by the inhibition of pathogenic bacteria, yeast 
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and moulds and the reduction of lipid oxidation, which is associated to the presence of 
terpenoids, flavonoids and phenolic compounds67-68. Therefore, the use of spice extracts as 
active agents in food packaging has been suggested and studied since they provide antioxidant 
and antimicrobial properties to packaging materials69 acting as potential alternatives to food 
synthetic preservatives70. The bioactive effects of the main spice extracts incorporated to food 
packaging films or coatings in the last few years are summarized in Table 3. 
Spice extracts have been usually incorporated as EOs into natural or synthetic polymers in 
food packaging applications. Some authors evaluated the direct incorporation of spice 
powders or their aqueous extracts into natural polymer matrices for food protective 
packaging, but no satisfactory results were reported up to now. For instance, Li et al.34 studied 
the effect of ginger extract (water soluble) into fish gelatins with no improvement in their 
antioxidant properties (measured by the DPPH radical scavenging method). In other study, 
Kechichian et al.71 evaluated the antimicrobial effect of cassava starch films with clove and 
cinnamon powders in contact with bread slices. They concluded that the antimicrobial effect 
of this combination of spices could not be clearly assessed since water activity of the bread 
slices increased considerably during storage, resulting in good conditions for microorganisms’ 
proliferation. 
As in the case of herbs, biopolymers such as starch, cellulose derivatives, chitosan, proteins or 
gums have been proposed as carrier matrices for spice extracts (Table 3). EOs from spices 
have been usually incorporated into polymer matrices by casting72-77 or surface coating29,55,78-
79. New active packaging materials consisting of self-adhesive PP labels with cinnamon EOs 
inside PET trays were used to extend the shelf-life in late-maturing peach fruits80. Authors 
reported the high decrease in the number of infected fruits after 12 days at room temperature 
when the active label was used (13 %), in comparison with the non-active packaged peaches 
(86 %). 
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Table 3. Spice extracts or essential oils and their application in active food packaging. 
Spice extract Polymer Effect on food packaging  References 
Cinnamon EO Cellulose acetate Alteration of microstructures and 
mechanical properties 
72 
PP Sensory evaluation: increase in shelf-life from 3-10 days 
81 
Cassava starch Antimicrobial 76,77 
Self-adhesive PP active 
label inside a PET tray 
Antioxidant, antifungal and inhibition of 
oxidative enzymes 
80 
Chitosan Antimicrobial 82 
PP coated with an organic-
base formulation with EO Antimicrobial, antifungal 
29 
Cinnamon EO 
fortified 
PP Antifungal, antimycotoxigenic 83 
Cinnamon EO 
microencapsulated 
LDPE-PP Insect-repelling agent to protect food from 
Indian meal moth (Plodia interpunctella) 
78-79 
Cinnamon EO 
nanoliposomes 
Fish gelatin Antimicrobial stability and decrease of 
release rate 
84 
Ginger extract Fish skin gelatin/ glycerol 
30 % (w/w)  
Antioxidant, physical and mechanical 
changes 
34 
Turmeric oleoresin 
encapsulated 
Gelatin:gum Arabic  Improve stability to light 85 
Clove EO Chicken feather 
protein/gelatin 
Antimicrobial and antioxidant activity on 
smoked salmon 
86 
Fish protein Antioxidant/Antimicrobial 74 
Cassava 
bagasse/PVA/Glycerol 
(Trays) 
Antimicrobial 55 
Sunflower protein Antioxidant, antimicrobial and lipid oxidation on sardine patties 
87 
Gelatin/chitosan Antimicrobial on fish during chilled 
storage 
88 
Clove EO (coarse 
and nanoemulsion) 
Methylcellulose/PEG Antimicrobial activity on sliced bread 62 
Cinnamon and 
lavender (EOs) 
NaAlg/Glycerol Antimicrobial, antifungal 73 
Cinnamon and 
cumin (EOs) 
Whey protein Antimicrobial activity on fresh beef 75 
Cinnamon, clove 
and ginger (EOs) 
PP Antioxidant 89 
Cinnamon, clove 
and red pepper 
powders 
Cassava starch Antimicrobial effect on bread slices 71 
Allspice, cinnamon 
and clove bud EOs 
Edible apple films Antimicrobial activity 90 
Asian (nutmeg, 
lemongrass and 
citral) and Italian 
spice EOs (oregano 
and lemongrass) 
Methylcellulose (MC), 
PCL/ALG 
Antibacterial effect on pre-cut broccoli 42 
PCL/MC (EO)/PCL Antimicrobial activity on pre-cut broccoli 91 
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The extraction method selected to obtain EOs from spices plays a key role in their 
composition and final quality92, modifying their antimicrobial activity93. Nevertheless, the 
current use of EOs extracted from spices in food packaging is still limited by their volatility 
and low stability against oxygen and light during processing and storage. Microencapsulation 
technologies have emerged as a promising alternative to control the release of EOs onto food 
surfaces and to increase stability against environmental factors. Kim et al.78-79 developed 
laminated films based on PP and LDPE coated with a printing ink containing 
microencapsulated cinnamon EO to protect food from the Indian meal moth (Plodia 
interpunctella). Authors reported that these films effectively inhibited the invasion of moth 
larvae in cookies, milk, chocolate and caramel, acting as insect-resistant films. They observed 
that microencapsulation decreased the release rate of cinnamaldehyde EO and increased their 
thermal stability, with no effect on the tensile and moisture barrier properties of the active 
film. Zuanon et al.85 observed that the complex coacervation of turmeric oleoresin (a natural 
pigment) using gelatin and Arabic gum as wall materials was a feasible process to produce 
microcapsules with suitable colour, physical attributes and high curcumin retention. However, 
this process did not preserve the pigment under natural radiation. 
Other strategies to incorporate EOs into water-soluble polymers to form antimicrobial films 
have been reported. Otoni et al.62 prepared coarse emulsions (1.3-1.9 μm diameter) and 
nanoemulsions (180-250 nm diameter) of clove bud EOs through low-speed mixing and 
ultrasonication, respectively, to be incorporated into methylcellulose matrices. They observed 
that droplet size reduction provided further improvement in antimicrobial properties against 
yeasts and moulds in sliced bread. In addition, low EOs contents might be used if 
encapsulated in smaller particles to keep antimicrobial efficiency. However, the EO 
emulsions reduced the rigidity and increased the extensibility of films and these effects were 
more pronounced for nanodroplets. Some increase in the antimicrobial stability with the 
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decrease in cinnamon EOs release rate was observed for gelatin films incorporated with 
cinnamon EO nanoliposomes84. In order to minimize organoleptic effects, Bentayeb et al.89 
prepared films with higher thickness and low concentration of EOs. 
EOs extracted from cinnamon and cloves were studied with successful incorporation into 
natural and synthetic polymers, providing bioactive properties to films (Table 3). Cinnamon 
oil is mainly composed of cinnamaldehyde (60.4 %), with eugenol, linalool and 1,8-cineole as 
minor compounds82. These EOs have been reported to show antimicrobial, antibacterial, 
antifungal, insect-repellent and antioxidant activities69, 94. 
In the case of clove EOs, the major component is eugenol, with eugenyl-acetate, β-
caryophyllene and 2-heptanone as minor compounds, with variable proportions depending on 
the type and origin of the plant and the extraction method95. Clove oil exhibited antimicrobial 
activity against moulds, yeasts and bacteria, and also antifungal and antioxidant properties 
when incorporated into natural polymers (Table 3). 
The addition of spice extracts with antioxidant and/or antimicrobial properties into a 
polymer matrix could affect the physical, morphological, mechanical, thermal and gas barrier 
properties of the film. In this sense, significant decrease in tensile strength and elongation at 
break of films with spice extracts were reported34, 73-74, 76. However, Wu et al.84 studied the 
incorporation of cinnamon EOs to fish gelatin resulting in more flexible films. On the other 
hand, some positive effects related with the decrease in water solubility and water vapour 
permeability of films were observed by some authors74, 76, 84, 87. 
 
4. Active compounds 
As previously reported, essential oils have been thoroughly evaluated in their antimicrobial, 
antifungal, antiviral, insecticidal and antioxidant properties, but the most innovative 
approaches in this area come from the use of their bioactive compounds12,96-98. For this 
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reason, current trends in food packaging research include the development of active systems 
based on materials able to host a variety of bioactive compounds, extracted from herbs and 
spices98-99. The addition of bioactive compounds with antioxidant/antimicrobial properties 
directly to food or packaging materials depends primarily on their activity against the targeted 
microorganisms and oxidative degradation, and their ability to be released at controlled rate 
during storage and distribution, resulting in extension of food shelf-life100. Nevertheless, other 
factors, including specific activity of bioactive chemicals, resistance of microorganisms to 
their action, controlled release mechanisms, chemical nature of the packaged food, physical 
and mechanical properties of packaging materials, organoleptic properties and potential 
toxicity of additives should be considered to design packaging systems with bioactive 
compounds17,98. The mechanical, gas barrier, thermal and morphological properties of films 
can be altered by the incorporation of bioactive additives. In consequence, the evaluation of 
these properties will help to understand the interaction of polymer matrices with additives as 
well as to set processing parameters for fabrication of bioactive films. 
Bastarrachea et al. reported a significant change in tensile properties of polymer films after 
the incorporation of some antimicrobials. Barrier properties were evaluated with different 
gases with significant effect of additives, mostly but not always negative. Authors discussed 
the addition of antimicrobials and their influence in permeability to gases by changing their 
solubility or due to the creation of pinholes in the packaging structure depending on the 
chemical structure of the antimicrobial agent101. In addition, some modifications in 
crystallinity and glass transition temperatures were observed19. Scanning electron microscopy 
studies helped to explain structural modifications induced by the incorporation of additives to 
these polymer matrices, by detecting formation of pores, thereby influencing the tensile and 
gas barrier properties of the film102. 
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Diffusion of additive molecules through films has been also studied and mathematical models 
were proposed to describe the mass transfer of additive molecules and other substances 
through the polymer bulk to the surface. Most of these models were based on Fick’s laws and 
helped in the assessment of compliance with specific migration limits and described the 
effective transport of migrating species with time103. Modifications in diffusion coefficients of 
additive molecules through the polymer structure can be related with formation/rupture of 
hydrogen bonds, hydrophobic and/or electrostatic interactions. Some authors proposed kinetic 
models where some high initial rates were observed with further observation of a plateau at 
different times and temperatures104-106. This behaviour was attributed to hydrogen bonding 
effects between additives and polymer matrices and/or to tortuosity effects within polymer 
macromolecular structures107. 
Many active packaging materials have been developed in the last few years with 
bioactive compounds extracted from spices and herbs. Typically, in antimicrobial and 
antioxidant packaging systems, additives are incorporated in different ways108: a) 
Incorporation by melt-blending before extrusion where a masterbatch is obtained with further 
injection to obtain films; b) Solvent-compounding and solution coating to prevent the loss of 
volatile additives108 where solutions can be incorporated to the polymer matrix as thin layers 
or coatings by spraying, casting or lamination after extrusion17,109; and c) encapsulation110 to 
permit the formation of a physical barrier between the external media and sensitive active 
compounds to be protected against oxidation and changes in moisture and pH. Encapsulated 
microparticles can be produced by spray-drying, spray-cooling/chilling, coacervation, 
gelation, solvent evaporation, extrusion methods and supercritical fluid expansion79; d), 
grafting111, to permit the covalent binding of active compounds to natural and synthetic 
polymers. 
 
Page 15 of 27 RSC Advances
R
S
C
A
dv
an
ce
s
A
cc
ep
te
d
M
an
us
cr
ip
t
Pu
bl
ish
ed
 o
n 
21
 A
pr
il 
20
15
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
id
ad
 d
e A
lic
an
te
 o
n 
27
/0
4/
20
15
 1
0:
50
:1
8.
 
View Article Online
DOI: 10.1039/C4RA17286H
 Figure 1. Main bioactive compounds used in polymer-based films. 
 
Figure 1 summarizes the chemical structures of the main bioactive compounds incorporated 
into or coated onto packaging films in the last years. The most common bioactive additives 
are those with antioxidant performance, particularly phenols, such as carvacrol, tocopherols 
and thymol. These natural compounds can be found in fruits, vegetables, cereals, tea, oils, and 
many herbs and spices112. Their action against the lipidic auto-oxidation is based on the 
phenols’ ability to release H-atoms from their hydroxyl groups and further reaction with 
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peroxyl radicals to produce stable phenoxyl radicals to terminate lipid peroxidation chain 
reactions. The efficiency of the extracted chemicals in their antioxidant activity depends on 
the electronic and steric effects of the phenol ring, their substituents and the strength of the 
hydrogen-bonding interactions between phenol and solvents99. 
Manzanarez-López et al. developed new films for food packaging based on PLA with 2.58 
wt% of α-tocopherol100. They evaluated the optical and thermal properties of these films as 
well as the kinetics of the antioxidant diffusion from the PLA matrix to ethanol and vegetable 
oil. Results showed that the diffusion of α-tocopherol into oil was slower than to ethanol with 
5.1 and 12.9 %, respectively, after 10 days of contact time. They also studied the release of α-
tocopherol from films to soybean oil with the aim to delay the induction of oxidation in food 
stored at 20 and 30 ºC100. 
Another interesting alternative in the use of PLA in active packaging formulations by using 
casting processing was reported by Jamshidian et al.115 who obtained films with natural 
antioxidants including α-tocopherol and synthetic commercial phenols, such as butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate or tert-
butylhydroquinone (TBHQ). Their release in different food simulants was studied to evaluate 
the kinetic coefficients to support the continuous control of the oxidation reactions in diverse 
foodstuff. 
Other biopolymer matrices have been tested as host for active components. For example, 
edible polymer films comprise polysaccharides, lipids, proteins or blends of these 
macromolecules. Cellulose-based edible films, such as methylcellulose or chitosan,116 were 
recently proposed to develop antioxidant active packaging materials based on the 
incorporation of α-tocopherol to this blend by encapsulation of this additive to the chitosan 
matrix117. Other authors have proposed poly (-caprolactone) (PCL) nanocapsule suspensions 
to permit a longer permanence of the additive into the polymer matrix118. 
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As previously stated, carvacrol and thymol are two phenolic monoterpenes and isomers 
obtained from oregano and with high potential as antioxidant active compounds119. They have 
received attention due to their natural origin and broad antimicrobial and antifungal spectra 
against different microorganisms, high antioxidant activity and heat stability when 
incorporated into packaging materials50, 120-121. A wide variety of polymers were used to host 
carvacrol and/or thymol, and different properties in these active materials were evaluated. 
Thermal, mechanical and optical performance in these blends showed to be competitive in 
comparison with common polymers used in food packaging, while the release of these 
additives from polymer matrices showed adequate rate to understand the transport 
mechanisms of these molecules to go through polymer matrices and to reach food. LDPE in 
combination with an organo-modified montmorillonite (MMT) and carvacrol has been 
proposed as a potential antimicrobial active packaging material122. These blends proved to be 
more effective against E. Coli than LDPE with just carvacrol without the addition of MMT. 
This effect was ascribed to the significantly higher carvacrol content permitted by the 
presence of the nanoclay. Similar results were obtained by Efrati et al. for nanocomposites 
based on LDPE with thymol and different organo-modified montmorillonites123. They found a 
dependence between the concentration of clay in the film and the desorption mechanism of 
thymol. Ramos et al. prepared PP-based nanocomposites with thymol and carvacrol, reporting 
that both additives were more effective against gram negative (E. Coli) than against gram 
positive (S. Areus)19 bacteria. 
A wide variety of antimicrobial materials based on biopolymer matrices has been developed. 
Some authors based their studies in chitosan with carvacrol as antimicrobial or antioxidant 
agent124-127. Different procedures were proposed to determine the antimicrobial and 
antioxidant activities and release in different simulants to determine their performance as 
materials for active food packaging. Kavoosi et al. used gelatin solutions with carvacrol at 
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different concentrations (1-5 wt%) to develop antioxidant and antimicrobial films128. They 
stated that these films exhibited excellent antioxidant and antibacterial properties against both 
gram positive and gram negative bacteria. 
Thymol has been also incorporated into different matrices to enhance their antimicrobial and 
antioxidant performance to increase biosafety of the packed food129. Wu et al. used PLA/PCL 
blends prepared by solvent casting121, while Ramos et al. prepared PLA-based films by melt-
blending and hot-pressing with improved thermal, mechanical and gas barrier properties99, 102, 
130. In addition, these films showed enhanced inhibition to different food borne bacteria and 
excellent antioxidant capacity. 
Geraniol and linalool are monoterpenes traditionally used as fragrance/flavour additives in 
food industry with properties to tackle infectious diseases and/or to preserve food due to their 
remarkable properties as insect repellent, antimicrobial, antioxidant, anti-inflammatory and 
anticancer131-132. These are natural components of EOs of citronella and coriander, 
respectively, and they have been used to develop antimicrobial active packaging materials 
with evaluation of their stability and physico-mechanical and optical properties. Kayaci et al. 
based their studies in the development of encapsulation strategies with cyclodextrins to extend 
the product shelf-life by improving the additives stability124. Thermogravimetric analysis 
results showed higher thermal stability in geraniol complexed with cyclodextrins than in pure 
geraniol permitting an easier incorporation into the polymer matrices. Linalool at relatively 
low (0.75 ± 0.08 wt%), medium (1.08 ± 0.04 wt%) and high concentrations (3.20 ± 0.29 wt%) 
were incorporated into thermoplastic starch (TPS)133. Authors reported that the direct 
incorporation of this additive into TPS films did not adversely affect the film properties, 
particularly at low linalool concentration. These studies need to go deeper into antimicrobial 
effect of these films, but some preliminary studies showed their potential application in 
functional food packaging and other food or medical related applications. 
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Organic acids, such as benzoic, gallic, citric and sorbic, also showed strong antimicrobial 
and/or antioxidant activities and they have been used as food preservatives134. They have been 
also proposed as active additives in food packaging materials, since they have been included 
in a positive list by the Food and Drug Administration (FDA) and they are compounds 
generally recognized as safe (GRAS)135-136. A recent study showed that the incorporation of 
citric acid to linear LDPE, besides showing enhanced antimicrobial and antioxidant properties 
in meat samples stored under refrigeration conditions, could also act as plasticizer in films136. 
Sorbic and benzoic acids and their salts are also active against yeast, moulds and many 
bacteria116. Da Rocha et al. found that protein-based edible films with 1.50 wt% of sorbic or 
benzoic acids inhibited the proliferation of E. Coli O157:H7, Listeria Monocytogenes and 
Salmonella Enteritidis; but they did not inhibit the growing of S. Aureus135. Manab et al. 
showed that benzoic acid incorporated to whey protein-based films significantly inhibited E. 
Coli and Salmonellas137. 
 
5. Final remarks 
The rising number of studies presented in the last years on the incorporation of natural active 
additives to polymer and more specifically to biopolymer matrices has shown the great 
potential of these formulations to improve selected properties in food packaging materials and 
to protect the packaged food in a more efficient way. This review focused on studies with 
natural additives obtained from herbs and spices, either getting directly some of the valuable 
components from plants or more commonly by extraction of chemicals with 
antioxidant/antimicrobial properties. As a conclusion of this exhaustive study, it should be 
highlighted that herbs and spices have shown great potential as sources of highly valuable 
compounds to be further used in different applications, particularly in active food packaging. 
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Nevertheless deeper insight in the interactions of these additives with biopolymer matrices is 
necessary and further studies are currently on-going. 
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